Since fish show daily rhythms in most physiological functions, it should not be 27 surprising that stressors may have different effects depending on the timing of exposure. 28
Data analysis 202
Locomotor activity records were analysed and represented as mean waveforms, 203 for which chronobiology software El Temps was used (Version 1,228; Prof. Noguera, University of Barcelona). Glucose, cortisol and gene expression data were 205 subjected to Cosinor analysis to test the existence of significant daily rhythmicity. 206
Cosinor analysis is based on least squares approximation of time series data with a 207 cosine function of known period of the type Y = Mesor + Amplitude * cos (2π(t-208 Acrophase)/Period), where Mesor is the time series mean; Amplitude is a measure of 209 the amount of temporal variability explained by the rhythm; Period (τ) is the cycle 210 length of the rhythm, i.e., 24 h for circadian rhythms; and Acrophase is the time of the 211 peak value relative to the designated time scale. Cosinor analysis also provided a 212 statistical value for a null hypothesis of zero amplitude. Therefore, if for a statistical 213 significance of p<0.05, this null hypothesis was rejected, the amplitude could be 214 considered as differing from 0, thereby constituting evidence for the existence of a 215 statistically significant rhythm of the given period under consideration. 216
Statistical differences in cortisol, glucose and gene expression levels between 217 sampling points were analysed by a one-way ANOVA (ANOVA I). In addition, at each 218 sampling point, cortisol, glucose and target genes expression levels were compared 219 between treatments (control vs stressed) by means of a t-test, for which a Levene's test 220 was previously used to check for homogeneity of variances. A Univariate General 221
Linear Model (GLM) was carried out to analyze possible interactions between 222 experimental groups and time points. For this, the fixed factors were "ZT" and 223 "treatments". 224
All statistical tests were carried out with the SPSS v19.0 program (SPSS Inc., 225 USA), being the statistical threshold set at P values <0.05 in all tests. All values are 226 reported as the mean ± S.E.M. 227
228

RESULTS
229
Locomotor activity rhythms 230
Gilthead sea bream activity showed an arrhythmic daily pattern of locomotor 231 activity (57% of the total daily activity registered during the light phase), displaying 232 most of activity around meal time (food anticipatory activity, FAA), followed by a 233 gradual decrease after feeding. Fish increased significantly their activity levels 1.5 h 234 before meal time, reaching a peak just before meal time. (Figure 2 ). FAA was calculated 235 as the time span in which activity increased 50% over the baseline without subsequent 236 inflections until meal time. 237
Circulating physiological stress indicators 238
In the control fish, plasma cortisol values did not show significant differences 239 between sampling points. However, a significant daily rhythm was observed in fish 240 subjected to stress (Cosinor, p˂0.05) with the acrophase being found around the middle 241 of the dark phase (ZT=18:24) (Table 2) (Figure 3 ). In addition, plasma cortisol levels in 242 the stressed fish were significantly higher than in the control group at all sampling 243 points, except at ZT3, with mean differences between groups being higher during the 244 scotophase (66.1 ± 9.0 ng/mL) than during the photophase (29.8 ± 8.2 ng/mL) (t-test 245 independent samples, p˂0.05) (Figure 4) . 246 A significant daily rhythm of blood glucose was observed in the control group 247 with the acrophase located at ZT=16:17 (Cosinor, p˂0.05), but not in the stress group 248 (Table 2) . Overall, blood glucose levels in the stressed fish were significantly higher 249 than in the control ones, at all sampling points except at ZT19 (t-test independent 250 samples, p˂0.05) ( Figure 5 ). However, in this case the average increase in the stressed 251 group was similar during the photophase and scotophase (~1.1 mmol/L) (t-test 252 independent samples, p>0.05). 253
Brain HPI axis 254
Hypothalamic crh showed a significant daily rhythm of expression in the control 255 group (Cosinor, p˂0.05), with the acrophase at the beginning of the light phase and the 256 lowest levels during the first hours of the night (Table 2) (Figure 3 ). However, in the 257 stressed fish no daily rhythmicity was observed, though a significant peak of expression 258 was found at ZT23 (ANOVA I, p<0.05). Moreover, there was a statistically significant 259 interaction between the effects of ZTs and treatments (control/stressed) (Univariate 260 GLM, p<0.01) ( Table 3) being crh expression at ZT3 in the control group significantly 261 higher than in the stressed one (t-test independent samples, p<0.05) ( Figure 6A ). 262
As regards crhbp expression, significant differences were detected in both 263 experimental groups: in the control group maximum expression was observed at ZT23 264 (ANOVA I, p<0.05) whereas in the stressed fish crhbp expression peaked at ZT7. 265
Furthermore, the Univariate GLM revealed an interaction between treatments and 266 sampling points (p<0.01) ( Table 3) . Simple main effects analysis showed that crhbp 267 expression was significantly lower in the control sea bream at ZT3, whereas at ZT23 268 this expression was significantly higher than in the stressed group (t-test independent 269 samples, p˂0.05) ( Figure 6B ). However, the Cosinor analysis failed to reveal significant 270 daily rhythms of crhbp expression in both groups. 271
Expression of mitochondrial oxidative stress biomarkers in liver 272
CoxIV expression displayed a significant daily rhythm in both control and 273 stressed fish (Cosinor, p˂0.05), with the acrophases located around the middle of the 274 day (~1-1.5 h before feeding time) (Table 2) (Figure 3 ). In addition, there was a 275 significant interaction between the effects of ZTs and treatments (Univariate GLM, 276 p<0.01) (Table 3 ). Thus, in the control sea bream coxIV expression was significantly 277 higher than in the stressed fish at ZT3 and ZT7 (t-test independent samples, p˂0.05) 278
( Figure 7A ). 279
Ucp1 gene expression showed significant differences between sampling points 280 in the control group, with a peak of expression at ZT15 (ANOVA I, p˂0.05) ( Figure  281 7B). However, significant daily rhythmicity was not detected using the Cosinor 282 analysis. On the contrary, in the stressed group neither significant differences between 283 sampling points nor daily rhythmicity was observed. 284
In the case of prdx3, no significant rhythmicity or daily differences between 285 sampling points were observed in the control group. However, a significant daily 286 rhythm was detected in the stressed fish (Cosinor, p˂0.05) with the acrophase located 287 ~2 h after lights on (Table 2) , peaking at ZT3 (ANOVA I, p<0.05) (Figure 2 ). The 288
Univariate GLM showed an interaction between the fixed factors (ZT and treatments) 289 (p<0.01) (Table 3) . Hence, expressionlevels at ZT3 and ZT23 were significantly lower 290 in the control fish(t-test independent samples, p<0.05) ( Figure 7C ). 291
Prdx5 expression showed significant differences between sampling points in 292 both control and stressed sea bream: in the control fish prdx5 expression presented two 293 peaks, at ZT7 and ZT15, whereas in the stressed group a peak of expression was 294 observed at ZT7 (ANOVA I, p<0.05). Furthermore, a significant daily rhythm (Cosinor, 295 p˂0.05) was found in the stressed fish group, with the acrophase located during the dayat ZT = 4:30. In addition, there was a significant interaction between the effects of ZTs 297 and treatments (Univariate GLM, p<0.01) (Table 3) , with prdx5 expression being higher 298 in the control fish at ZT15, whereas at ZT18 this expression was down-regulated 299 compared with the stressed group (t-test independent samples, p<0.05) ( Figure 7D) . 300 301 DISCUSSION 302
In vertebrates, cortisol rhythms are tightly related to the species-specific 303 circadian rhythm of behavior. Thus, the acrophase of cortisol daily rhythm is usually 304 located in the transition from dark to light in diurnal species such as humans, while it is 305 located at the beginning of the dark phase in nocturnal animals, such as the rat 306 (Dickmeis, 2009). In teleosts, daily rhythms of plasma cortisol have been also reported 307 to be species-specific and related to the activity pattern (diurnal/nocturnal) (Ellis et al., 308
2012). 309
In Senegalese sole, a nocturnal flatfish, cortisol levels peaked at the beginning of 310 the dark phase (López-Olmeda et al., 2013). In the present study the control sea bream 311 showed a cortisol increase during the first hours of the dark phase whereas the stressed 312 fish showed a daily rhythm of plasma cortisol with the acrophase at mid-darkness (MD) 313
. All gilthead sea bream (control and stressed) were fed at ML and fish actually showed 314 an activity peak around meal time, suggesting their synchronisation to the feeding cycle. 
